Background and Objectives: The applications of laparoscopic surgery are expanding, but there is still controversy about its application in patients with peritonitis resulting from diverticulitis perforation. This study aimed to investigate the factors affecting the postoperative mortality rate in patients undergoing surgery for perforated diverticulitis. Further, we compared the recovery courses of patients between open and laparoscopic surgeries.
INTRODUCTION
Colonic diverticular disease is common in the Western population but is rare among Asians. 1 The incidence of this disease is highly related to a high-protein and lowfiber diet, and the occurrence rate is gradually increasing in Korea based on the westernization of diet. 2 The treatment of acute diverticulitis depends on the severity of the disease. 3 Simple diverticulitis can be sufficiently treated with antibiotics, but perforated diverticulitis with peritonitis requires surgery. Of the patients with diverticulitis, 25% require surgery, 4 and various surgical procedures such as ostomy, stepped bowel resection, and simple peritoneal lavage are used for treatment. 5 The applications of laparoscopic surgery are gradually increasing. However, laparoscopic surgery for peritonitis is still controversial. This is because of the theoretical background that bacteremia and endotoxemia can get worse if air is introduced into the abdomen causing aeroperitonia. 6, 7 surgical treatment to determine whether laparoscopic surgery affects the outcome, and to compare the recovery courses of patients after open surgery and laparoscopic surgery to check if they produce similar results.
PATIENTS AND METHODS

Research Design
We retrospectively reviewed the medical records of patients who underwent surgery for peritonitis caused by perforated diverticulitis at six hospitals of Hallym University Medical Center (Hallym University Sacred Heart Hospital, Kangnam Sacred Heart Hospital, Chuncheon Sacred Heart Hospital, Hangang Sacred Heart Hospital, Dongtan Sacred Heart Hospital, Kangdong Sacred Heart Hospital) between January 2006 and December 2016. The Institutional Review Board of Dongtan Sacred Heart Hospital approved this study.
Inclusion Criteria
Patients who were diagnosed with peritonitis caused by perforated diverticulitis were hospitalized and underwent surgery were included.
Exclusion Criteria
Patients aged Ͻ 19 years or Ն 91 years, expectant mothers, and patients with postoperative pathologic findings were excluded if the perforation of the diverticulum was not confirmed.
Number of Patients
This study was a retrospective, observational study where no specific hypothesis testing was performed. A total of 524 patients were recruited. Of them, 358 patients were excluded due to exclusion criteria. As a result, 166 patients were examined without the need for a separate sample count calculation.
Assessment Methods
We analyzed the age, sex, underlying disease, medical history, social history, body mass index, and American Society of Anesthesiologists scores of patients who underwent peritonitis surgery because of perforated diverticulitis. We analyzed the history such as previous abdominal surgery, history of diverticulitis, and history of constipation, as well as social history concerning smoking and drinking. Further, we analyzed the body temperature and levels of white blood cell, serum C-reactive protein, blood urea nitrogen, creatinine, total bilirubin, direct bilirubin, and albumin at the time of admission. Modified Hinchey score, perforation location, operation method, and duration of operation were analyzed in patients who underwent surgery. The modified Hinchey score was referenced in 1999 by Wasvary et al. 8 Surgical procedures were classified based on the choice of open or laparoscopic procedures, bowel resection requirement, and formation of ostomy. Because this study was a retrospective study, there were no clear criteria for determining the surgical procedure. Therefore, the surgical procedure was determined by the physician according to the patient's condition.
We analyzed patients who underwent surgery for peritonitis resulting from perforated diverticulitis for recovery time of bowel movements, time to drinking, time to ingestion of soft meal, duration of hospitalization, complication, reoperation, and death. The recovery time was the first time the patient farted after surgery. Complications were defined as enteritis, enteroplegia, anastomotic leakage, wound infection, pneumonia, cardiovascular disease (such as heart failure and pulmonary embolism), acute renal failure, and sepsis. Reoperation was defined as an operation performed to treat complications appearing within 1 month after surgery. Finally, death was defined as death occurring within 1 month after surgery.
Univariate and multivariate analyses were performed to find predictors in patients who died after surgery. Casecontrol matching was performed to compare open and laparoscopic surgeries for postoperative outcome and prognosis of patients who underwent surgery. Matching was performed based on factors that were significant in univariate and multivariate analyses to find predictors in patients who died after surgery. As a result, 40 patients were selected from each group and compared.
Statistical Processing
The results were expressed as mean (standard deviation) paired-sample t-test was performed for the comparison of continuous variables. The discontinuous variables were expressed as the number of patients and percentage (%), or number of patients after crossover analysis. Univariate analysis was performed using Fisher's exact test. Multivariate analysis was performed using logistic regression to analyze factors that predict postoperative complications. Case-control matching was performed based on factors significantly associated with multivariate and univariate analyses. Statistical analysis was performed using SPSS version 21.0 (Chicago, Illinois, USA) and P Ͻ .05 was used for statistical significance.
RESULTS
Patient Characteristics
During the 11-year study period, 524 patients were included. Of them, 358 patients were excluded due to exclusion criteria. As a result, 166 patients were included, of whom, 107 and 59 underwent open laparoscopic surgeries, respectively. The mean age of the patients was 54.8 years. There were 99 males and 67 females. The distribution of Modified Hinchey score was as follows: 27.7% in Ia, 24.7% in Ib, 23.5% in II, 21.7% in III, and 2.4% in IV. With regard to the location of perforation, right side perforations were observed in 91 patients and left side in 75 patients, with more patients having right side perforations. Most patients underwent bowel resection (90.4%) and 50 patients (30.1%) developed ostomy ( Table 1) .
Rehospitalization and reoperation rates were 5.4% and 4.8%, respectively. The complication and mortality rates were 43.4% and 8.4%, respectively ( Table 2) .
Predictors of Postoperative Death
Univariate and multivariate analysis for various factors were performed to determine the factors that predicted postoperative death. A serum albumin level of less than 3.0 g/dL was the only factor that significantly associated with mortality (P ϭ .011; Table 3 ).
Comparison Between Open Surgery and Laparoscopic Surgery After Case Matching
Case-control matching was performed to compare the open surgery group and laparoscopic group after reducing the differences in factors that may affect the recovery process. In all, 40 patients were selected for performing case-control matching with different variables (age, body mass index, American Society of Anesthesiologists score, hypertension, serum blood urea nitrogen level, creatinine level, albumin level, modified Hinchey score, formation of ostomy, and laparoscopic surgery), which were significantly associated with postoperative mortality in the univariate analysis. There were no statistically significant differences between the two groups in terms of factors that could affect the prognosis ( Table 4 and Table 5 ).
There was no statistically significant difference in prognosis ( Table 6 ).
DISCUSSION
Colonic diverticular disease is a condition where in small sacs protrude abnormally from the colon wall. It can be classified as a true diverticulum in which the entire layer of the colon is pushed out and a false diverticulum in which there are mucosa or submucosal protrusions through the weakened wall of the colon due to degenerative changes. [1] [2] [3] The Western population is more likely to have false diverticulum of the S colon, while Asian patients have frequent occurrences of appendicitis and true diverticulum of the ascending colon. 2, 3 The diverticulum of the large intestine is mostly symptomless, but it causes various problems depending on the progression. Among them, diverticulitis is a common condition. The feces enter the diverticulum and form feces stones that cause erosion of the mucous membrane of the diverticula. If this condition persists, inflammation becomes more severe and spreads to other tissues around the diverticulum. Western and Oriental sex ratios of diverticulitis differ slightly. In the case of the West, the ratio of male to female is similar, or 1:1.5ϳ2, with a higher occurrence in females. 9 In Korea and Asia, however, the male to female ratio is 1.5:1, with a higher occurrence in males. 10 In this study, the male to female incidence was 1.47:1, which was higher in males.
If inflammation of the diverticulum gets worse, about 15% patients have complications such as perforation. 11 In most cases, perforation with peritonitis requires emergency surgery. 1, [3] [4] [5] Although the incidence of perforating peritonitis is low, once it occurs, the mortality rate is 4% to 26% regardless of the treatment method. [12] [13] [14] [15] In our study, mortality after surgery was observed in 14 of 166 patients (8.4%).
Many studies have suggested that poor preoperative nutritional status adversely affects recovery after surgery, 16, 17 and postoperative complications and mortality are likely to increase. 18 -20 Serum albumin acts as a carrier of various minerals, hormones, and fatty acids and plays an important role in maintaining the osmotic pressure between blood vessels and tissues, 21 and albumin levels are used as one of the various measures for assessing the nutritional status in patients. [22] [23] [24] In this study, serum albumin levels below 3.0 g/dL were associated with postoperative mortality (OR, 22.811; 95% CI, 2.068 -251.587; P ϭ .011). This suggests that a low serum albumin level reflects poor nutritional status before surgery and this affects postoperative mortality.
Laparoscopic colonic surgery has been shown not to be inferior to open surgery in terms of postoperative recovery in several studies. [25] [26] [27] In this study, according to the prognosis of the two groups after case matching, there was no significant difference between the laparoscopic surgery group and the open surgery group with regard to the time to recovery (3.2 days vs. 3.0 days; P ϭ .776), time to drinking (4.6 days vs. 3.8 days; P ϭ .067), time to ingestion of soft meal (5.9 days vs. 5.2 days; P ϭ .080), total duration of hospitalization (15.8 days vs. 14.0 days; P ϭ .279), and postoperative duration of hospitalization (12.1 days vs. 10.7 days; P ϭ .361). In addition, there were no statistically significant differences in the complication rate (35.0% vs. 32.6%; P ϭ 1.000), reoperation rate (5.0% vs. 10.0%; P ϭ .675), readmission rate (5.0% vs. 0.0%; P ϭ .464), and mortality (2.5% vs. 2.5%; P ϭ 1.000) between groups. Based on this, we believe that the recovery and prognosis after laparoscopic surgery in peritonitis patients with perforated diverticulitis are not inferior to those after open surgery.
This study has some limitations. First, because this study is a retrospective study, there could be selection bias. The process of determining the surgical procedure in the course of treatment was not recorded in the medical record and could not be evaluated. Second, because this study was conducted for multiple institutions rather than a single institution, it is possible that the operation method changed according to the doctor's experience and preference. Third, the number of patients in the laparoscopic surgery group was lower than that in the open surgery group, and high-risk patients in the open surgery group were excluded from case-matching. Although these limitations exist, this study is significant and confirms the factors affecting postoperative mortality, and laparoscopic surgery may be a good choice in peritonitis cause by perforated diverticulitis. We believe that a prospective study is required with a higher number of cases in the future.
CONCLUSION
In cases where the preoperative serum albumin level is low, postoperative mortality is high. On comparing the open surgery group and laparoscopic surgery group after case-control matching, postoperative recovery progress in the laparoscopic surgery group was not bad compared with that in the open surgery group for patients with peritonitis caused by perforated diverticulitis. Data are presented as the number of patients (%) or mean (standard deviation) unless otherwise stated. Re-operation, n (%) 2 (5.0) 0 (0.0) .464
Mortality, n (%) 1 (2.5) 1 (2.5) 1.000
Data are presented as the number of patients (%) or mean (standard deviation) unless otherwise stated.
